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- D. J. Brccrn 19 - L. M. Richnrds
H. L. Caua+11 20 L' edR
F . 2. Crrlev-

^

... - _. .,^. - .aCrt,. __-=' °-'^.^'' ... ^'^^. ^
-- . . _' - :i i,. ^,c:frey W. "?mith

,uent:ner 24 - 3. . ':.ith
:.. -. L. H n-cr. 25 - ,. .,. Tomlinson

=iy 13 -... B. I•nr.c-on 2.i - J. H. td(Irren
14 -„ R. iCic1 27 - J. C. Wou.:ck

1

- i). J. L^.r'cin 28-29 -.) ^TO Fi1ec
1 - C. ". Lorenzen 30-35 - C:ctrn

^
U1VCL4S3IFI F'C

-?.03i
c..,.n

4



^ i

UNCU':;IFIL•D .^ tt'N-2035
P^.re 3

INVESTIr,ATION AND EVALUATION OF

102;BX TANK LEAK

Iir"PRODUCTION

re'sponsibillty of the '.tlantic Richfield Hanford Company

,tnrte Manar,ement Program is to provide surveillance in the waste

^tornqe tank farms to confine the high-level bollinU and non-

boiling wastes. Since 1943, 251 waste tanks located in 13 tank
r- •

farms have been constructed a°e Hanford. To date, leaks have

been confirmed in eleven tanks located in four of the farms, and

six other tanks•are suspected leakers. Inventory data from the

"uspect tanks indicated relatively small losses of liquid waste,

and in same cases radioactivity had been noted in adjacent

monitoring wells. All saspect as well as leeking tanks have

.
been rec^ved from service. _..^,..__ . .. -

^ ..:^^^ ,n

purpose of Chi^ document is to refcrt the findings of n field

invertir,,tion to qctermine if r^3ionctive wnates had indeed

lenked from this tank, and if re, estimate the volume lost nnd

eytent of wnste liquid mo-e^en*. through the .-o11.

UA2,1PRY ; ND COTICFASIONC

Based on analyses of liquid level histoly, test well

rndintion profiles and soil snmplin(_ and analyses, tank 102-BX

has been confirmed as a leaker. The most probable explanation

of the tnnk 102-BX leak is as follows:

u^



r

UNCIA^,^,IFTED
Pr.•e 4

• 1) The concrete shell of tank 102-BX was breached
on its southeast edge near the tank footinr,
approximntely 40 feet below grade.

s

2) The carbon steel liner failed approximately
two feet from the tank bottom. Pit corrosion
caused by a static tank liquid level of more
than five years is thought to be the cause of
liner failure. . •

The tank leaked approximately 70,000 gallons of waste to the

grouna, nmountlnr to a loss o€no more than 51 KCi of 137Cs. The
C

contamination extends eastward in a 1 to 6-foot wide band approxi-

mately 100 feet from the tank. It is held for the most part in a

sand and silt lens 75 feet below grnde. However a relatively

f• smalJ,amount of 137r; percolated to a distance of 120 feet below

r, ,r^,;e (135 feet nw,,,cve the recrional water table).

^)ince ri lerk has been now ccnfirmed in tank 102-BX, it will

be i^.clated from the tank farm niping systems and the residual

--_»
.... ..y^wi.c.8a+iaNrYSW4?4...a.l- 4

's ^-'-•^.^^rr+z-.v.,.+:.-«-.,- _n 3 .._.».....-.. .^^....-__- QTVL..- ^- ^3'L`?^-'"f.'l^.ke23`=

'i1:e ;rounduater directly belcw the tank and -urroundinC the

tank frrm ha^ been ^n•lyzed and e11 ralionuclides including 137C7,

were well below AEC limits as ahewn in Manual Chapter 0524.

DI'CU':>IOPi

Tank 102-BY.'.; s ecnstructed in 1946 and was filled for the

.°irct time in 1948 •.:ith uranium rroce::sinr3 waste. ;ince 1954 it

ha- been uCilize: '_nterr,dttently for the storage of hir,h-level

non-boiling liquid •.r+ste. Durinr; this period, dry well number 1,1,

lc-.^.ted cppr:.:i,^«..^ly 100 fcot eat-nertheact of the Lank, hnn

a

UNCLISP>ILIED •
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been one of the primary means of monitoring for ^ub-nurfncc con-

tamination originating from within the BX Tnnk Fnrm.

Figure 1 depicts the liquid level history of tnnk 102-3X

since 1954 and the Oeiger-Muller (GM) and scintillation probe

readings from dry well number 61 si'tce late 1959. It should be

noted that the tank was held static from 1957 to mid-1952 it n

minimum pump heel of approximately 22 inches and was subsequently

static et maximum capacity between mid-1962 and 1958. During the

1959-1969 period, dry well mdiation monitoring results indicated

-- a hirh amount of radioactivity. These readings were believed to

be the renult of a 30,000 to 90,000-gallon spill of first cycle

waste in 1951 between tanks 102-BX and 103-BX(3). ,eiger-ttuller

prcbe readinr,s of about 100,000 epm in 1959 gradually aeereaced

to apprcximately 10,000 cpm in 1953. ':'hen a chanCe an: ;flde to

the r.^reiqnsitive scintil?a- be ^^R^4 :.._4ecir.,?:,-.
.^

;reater than 1 x 101 cpm resulted thr..urh 1968. .;tartinr in 1959,

the probe readings began decreasing ranidly until October, when

they ngaln rose above the scintillation probe`s m.ximum detection

crpability, This corresponds in time to when the tank wa; re-

turned to active tank farm opeanations. In May 1970, the tank was

pumped to the minimum pump heel (12 inches) and taken out of ser-

vice.

lubsequently, nineteen new dry wells were drilled to determine

the extent cf suspected contamination. FYgure 2 depicts the

qNCLA3SrPIID
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loeation of the new welln and the original monitorinr, well, number

61. :^ince the tank was pumped,to minimun heel, ncintillation probo

readin6s in well number 51 have decreased to 1e:s than cne-third

of •.rhnt they were during early 1970. A neutron probe was also

utilized in May 1970 to determine the relative mdisture content

of the soil surrounding each well as a function of depth. Reoult:,

showed that high,relative moisture content peaks occurred genern].1y
C' •

at the name depth as peak scintillation probe readings in all wellc.

„• When well number 27, near the southeast corner of the tank, was

drilled to the water table in July 1970, soil samples were collected

f'•. at one-foot intervals and analyzed for 137Cs content. The 7oi1

underlyin,r+, the BX Tank Farm is deccribed below:

n) r,rade to 102-P'. "Ink bcttcm
(40 ft deoth) - cnnd and r,ilt 'onckfill

,... .. f_:.^,...^ s u).^,3d72-3X tank bottom ^G-^^_.._ - --^.. ^.r ^. •

--- ^- --'-'^pth -.-,ar,d

c) 70 ft to 120 ft depth -^cnrsc ^^ind and -ilt

Cl) 120 ft to 150 ft dep':h - sand

e) 150 ft to 3.75 ft depU

f) 175 ft to 210 ft depth

210 ft to 255 ft depth
(wnter table)

- ccar^e sand and ^ilt

- aand and rravel

- coerse cand and nilt

no 137Co content in the noil w^; plotted as ,, function of depth

on nemi-loF paper (Pit;ure k). Pen1c 137Ca values occur :!nproxir.r.tely

a

UNCI.4S;IFIEU •
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40 feet belew ••rnde. Thi,: i- consistent with the peak 414 probe

rer.dingn in that well (Figure 3) nnd leads to the ccnclusion that

the concrete shell of the tank failed at this level. The rharp,

nr.rrow peaks at 58 and 65 feet are balleved due to either eample

contaminntion or soil with a higher ion exchange capacity. The

;mall paaks at 105 to 120 feet correspond to the bottom of the

coarse sand and silt lens beginfling at the 70-foot level(2).

Liquid traveling downward through this lens can be expected to

travel more 'rapidly and to a greater distance laterally when

first entering the lens at the top and just before exiting th6

bottom. Liquid and 137Cs can be expected to become adsorbed in

this lens due to the sponge effect and the higher ion exchange

cnp^city of the smaller soil particles, respectively.

in contrast to hi,h-1eve1 self-boiling wastes which tend to

aelf--eal-Uppn 1eaking because;=f_crystallizatScn upan ccqlinr,, .:

the non-coiPinr, dilute •;aste from tank 102-BX continued to leak

and percolate downward to a depth of 120 feet below grade (135

feet above the regional water table) before being absorbed. Indi-

cations are that the majority of the cesium-137 was contained in

the vicinity of the tank; however, detectable concentrations were

carried along with the waste to the 120-foot level.

Cer.ium-137 was also detected in the groundwater underneath

tnnk 102-BX at this time, but at a^oncentration below PEC re-

lea^e limite(E). :Ynce the ;roundwater noves very.slowly in a

UIdCL13SIFIED

n
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southerly direction, interpretat*ion of 137Cs in the groundwater ir,

complicated by the many sites surroundinr the tank farms

in the area. Initially the source of the 137Cs in the groundwater

beneath tank 102-BX was believed to be from the B-Cribs and/or

other disposal sites in the area.' Breakthrougha of 137Cr; into the

groundwater from cribs occurred ij 1957 and 1959. Tbene cribs

were cubsequently removed from use. However, when the f;roundwatcr
_ •• .

wells surrounding BX and BY Farms (Figure 5) were sampled and

'• ^ analyzed for 137Cs•in January 1971,

.

,the results (shown in Table II)

indicated that the 137Cs concentration in the groundwater, although

.y-
r within -A.EC release limits, was slightly higher under tank 102-BX

r
than under cribs and tank farms surrounding the BX Farm (9 x l0'3

' vs. 8 x 10-4 µCi/t). These results led to the estimation that the

137Cs in the groundwater under tank 102-BX is due to the ^pread ci•

minor contamination during the drilling o^ numter ?7"rather

than from the 5-Cribs.

An analysis of the scintillation and neutron probe results

leads to the contamination pattern shown in Figure 3. '.fe11 number

27 has the highent probe readings of any of the wells ic:mediately

surrounding the tank, and is alno the only with peak rcndinr.t ^t

the 40-feot level below Crade. From this it is conclufled that the

tank's ccnarete shell failed near this well. rn estir.at.eA 31.,000

ft3 ^f earth has been wetted by the waste from the leak. This :cl-

ume wac deduced by charncterizinj the leak as three ;,ec^etric



.

evidence of a leak.

It is interesting to note that well 01, which was drilled in

1947, has a hir•,her peak reading nt the 70-foot level than any

of the wells drilled later between it and the leak source. This

may be explained by the existence at a carbonate and/or silicate

UNCLI3SIFZED

• ^^;i;
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figures and summing their volumes. The area immedintely surroundinr;

the leak source is in the shape.of a nphere having a radius of 10

feet and a volume of 4190 ft3. The saturated area immediately be-

low this sphere and extending into the aand and nilt layer is n

cylinder having a height of 30 ft, iadius of 5 ft, and volume of

2355 ft3. The saturated zone inthe sand and silt layer is an

inverted wedge having a maximum height of o ft, base of 8000 ft2,

and volume of 24,000 ft3. This,;ub-Surface contamination

configuration is also depicted in Figure 2 and can be seen to

extend in an easterly direction 100 feet from the leak source.

It is contained generally in a 1 to 6-foot wide layer rt the 75-

fact level below grade.

'.nalyses of the waste contained in tank 1C2-HX were made in

early 1970 (Table I). These analyses (usinW the hi:,he<t 137Cs

.. _.. _-.,-^.,.r.e- ._ _. .._ 7X-^S'i:.^-.=+ ' .^-==t• . . -

30percer,t are the bases for the conclusion that the tank leaked

70,000 ;;a11on; of waste, for a losr. of 51 iCCi of 137Cs. A material

balance based on liquid level measurements provides inconclusive
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adr,orbent deposit on the well casing which has entrnpped radio-

nuclides from the liquid waste, creatinp, an area which is more

radioactive than the surrounding soil contacting the well casing.

To tent this deposition hypothesis, the well casing was raised

ten feet, a radiation profile talten, and then lowared to its

origina]. position and another radiation profile taken. It was

concluded from the results that,there is a aauloactive deposit

of ,ome sort on the ca,sing. Research and Development plans to

further investigato the distribution of radionuclides in the

ground at this site and the material apparently deposited on

the we^l casing.

It has been observed that pit corrosion of carbon steel

occurs at the liquid-air interface in cool, unagitated tnnks

when the liquid level is held ccnstant for an extended period(5).

,oan ha_sn

heel for cvei- five years. To date, photographs taken after the

tank •Na- pumped Pgain to a 22-inch liqu!d level heel in 1970 are

not of high enough resolution to pin-point any liner failure in

this ^ren, It in noaeible that the liner and concrete nhell

failed ^ome time prior to October 1959 when the probe readings

started to ri.^,e, .^,cint•illation probe readings from 1964 to 1969

were off-scale and therefore inconclusive. If failure did occur

durin;: that period, the leak may have qelf-sealed, since probe

readings began decreasing in mid-1969; however, normally,

• UNCLAS3IFIED
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non-boiling wastes do not self-seal. In any event, when pumpine

activity was resumed within the•tank in October 1969, possibly

the concrete shell failed or the leak re-opened, as evidenced by

the increase in probe readings. Initial pit corro;ion, aggravated

by stresses from the fluctuating hydrostatic head are believed to

have caused the liner to fail somewhere near the tank bottom.

The exact date and location of tl,^s failure are unknown. How-

ever, since the taAk was pumped te a minimum heel the tank is no

longer leakirig, as evidenced by the decrease in probe readings

within well 61.
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TABLE I

V2-FS;i IS^UID 3!!MPLE SNALY3E3
---

nm le T-&3 , J,,nuary 27, 1970 N^mplc ,1527, '.farcl: 1 , 1970 :amP1e ;.i3270, April •30, 1970

137Cs = 2.7:i x lo5 eCi/ga1 s7cs = 1.17 x 105 LLCS/gai 137cs = 7.26 x 105 µci/gal

134cs = 6.45 ;c 103 Ci/t;a1 125,;b = 2.07 x 103 uci/gal 134Cs = 2.33 x 104 uCi/ga1

903r = 1->4 uCi/gal Co = 2.77 x 1D2 uCi/gal •-

100Pu?ih = O.OtVO2 Ci/tcal 'auah = 4.35 4x 10 µci/gal
i . . .

02i' = 1.1•ib? :riro = 2.80 x l03

^

yci/ga3 _ , . •

rre+ = 3.07;a

pH =

spG = 1.03

NVR = 242 ;/1 ec' •M ^'

' .:,
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TtLBLE II

'i/I)*^* ! Residue on Filters (nci/g, wet)

Calc.a&
GI:A ^ ^- GEA

lOoRu 60Co ^ 1106RuRh 137Cs. 106
Ru 60Co

1.7 6.8 0.44 1 <0.010 <0.083 0.50
30.22 ; t0.12

'•
_i __---- -.

3.0 ^ 3.8 0.32 0.037 <0.34 0.16
to.o69 ±0.033 ±0.058

-- -- ----^- ------ ---- -- ------ ------
0.19 <0.031 • 0.20 1.11 <0.17 <0.035

±0.12 t0..1,9 , fo.04
._.._____..y..._ .... . ........v___..___..______. . . ._._ ..^.-.

<o.099 <0.019 0.046 <0.029 , <0.11 <0:021
to.040

f - - ---------t------- -• - ----
0.96 7.8 0.052 <0.037 <0.13 0.42

±0.24 f0.055 to.o44

-- -- - --- --^------
299E E r0.610 1 <0.7 - 0.850 - ^- - -

Calc.a^ . ^

W ll
llir. From

102 XT 1^R l ^e No. -BK- UBh i ;^

299E N 10.4 <0.0^11+
33-1

^- --
299E --^

-
NN-il 11 ^ <0.025

33-5

299E 1 Ntt ' 0.56 <O,n
33-8

299E i ,u ^ 0.039 ! ^o.a
3 3 -10 T0.035

^-^--- - -- - - - - €
299E rmrF: 8.8 -o.o
33-13
^

_^._... _.. ^ . ^
-

33-18 ! +

-----f------' '^ -- --------=----}
299E tM ^ 0.32 0.l ^ >^

I------^--------
<0.1^ <o.a_^^ 1.1 0.go

33-21 t0.o2^. ±0.36
- - - --A ! _... -- - - - -- ---

299t - - 9.2 <0.23 <0.030 - 39
33-27

- ----. .-...-._.. ._.. - - ----- - - - - -
<0. <0.10 0.08 - <O.J07

° ' f 10.02
*^ample taken October 1970

**.Vnlues of residue on filters
^
n^$^Cbe only one-half their netual value.

L

_.-..,eonzrol Liuits-;Cs =4) nCi;t; 1UORu = 10 nCi/l; o11Co = 50 nCi/t

,^o.l:i <0_029

0.42 0.03

• ,.

^ J

<0.03c J.017
to-o05 °

---`---' ^--- ^--- ^-,
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